Introduction
Many UK clinicians will recall regularly encountering invasive meningococcal disease prior to the introduction of the meningococcal C vaccination onto the UK vaccination schedule in 1999. All too often these children were extremely unwell, requiring prolonged admission and intensive care. These awful cases raised awareness of the disease and the importance of ongoing vigilance amongst healthcare professionals.
The successful introduction of the meningococcal C (1999) and B vaccinations (2015) onto UK vaccination schedule has led to a significant reduction in the number of cases of invasive meningococcal disease. This reduced burden of disease means that each year there have been fewer and fewer cases in the UK and some current UK paediatric trainees may have never encountered a child with invasive meningococcal disease.
This creates a diagnostic challenge for clinicians. How do we spot those children with meningococcal disease? Meningococcal disease is rare, but devastating so how do we maintain vigilance at a time when disease prevalence is at a record low and fewer pediatricians have experience of the disease?
In this consultation we aim to review the symptoms and signs of meningococcal disease.
Invasive meningococcal disease
Invasive meningococcal disease describes the process when the bacteria Neisseria meningitidis crosses from the respiratory mucosa and invades the host. Neisseria meningitidis is a gram-negative diplococcus that colonises the nasopharynx and oropharynx of humans (figure 1). In most people carriage is asymptomatic but in a minority the bacteria cross the mucosa and enters the blood. Once the N.meningitidis bacteria crosses from the nasopharynx to the blood, it multiples rapidly with resultant bacteraemia and an associated cytokine storm. This leads to increased host vascular permeability, organ dysfunction and disseminated intravascular coagulation. The bacteria may also cross the blood-brain barrier resulting in meningitis. 
Neisseria meningitidis
Neisseria meningitidis is an aerobic gram-negative diplococcus that has an outer polysaccharide capsule surrounding a three-layered envelope. The outer polysaccharide layer is the main virulence factor and the 13 known serogroups are defined by their polysaccharide layer [1] . Of the 13 known serogroups 6 are responsible for Human disease (A,B,C,W,X,Y) [1] . The outer polysaccharide capsule aids in the avoidance of immune cells and has been shown to reduce phagocytosis by human dendritic cells [2] . It achieves this through a variety of mechanisms including molecular mimicry and the downregulation of complement [3] [4] [5] [6] [7] . Beneath the capsule there is the lipopolysaccharide layer.
Following phagocytosis of the meningococcus by dendritic cells, this layer is exposed and stimulates cytokine release by the dendritic cell [2] . Lipopolysaccharides (also known as endotoxin) from Neisseria meningitidis have been shown to be extremely powerful stimulants of cytokine release including the release of TNF-α and Interleukins 1,6, and 8 from human macrophages [2] . This cytokine release is responsible for increased vascular permeability, organ dysfunction and disseminated intravascular coagulation (characterized by the presence of a purpuric rash) classical of meningococcal septicaemia [8] . An interim deterioration, and cardiovascular collapse, may occur following initial treatment with antibiotics due to rapid endotoxin release from lysed Neisseria meningitidis (9) .
The lipopolysaccharide layer also contains various membrane proteins including; porins (for ion exchange), adhesion molecules and pili to facilitate invasion of the host. Neisseria meningitidis can also avoid the host immune response by altering the antigens presented on its surface through a process of phase variation and through the transfer of extracellular DNA.
Epidemiology
Humans are the only natural host for Neisseria meningitidis. Benign carriage is common with around a quarter of young adults carrying the bacteria in their nasopharynx or oropharynx [10] . Carriage rates vary with age [10] . A meta-analysis of 89 studies from across the world published in 2010 in the Lancet showed that carriage is lowest in infancy (4.5%) but then increases through childhood to a peak in late adolescence (27.7% at 19 years) [10] . The rates of carriage then reduce again throughout adulthood [10] .
In addition to social and geographical factors it would appear that seasonal variations affect meningococcal disease rates. Winter is associated with increased meningococcal disease in both Africa and in Europe [11] . The reasons for this are unclear. It has been hypothesised that in Africa the dry winters are associated with reduced humidity and increased ease of spread whereas in Europe winter is associated with an increased risk of mucosal injury from other infectious agents leading to increased opportunistic meningococcal infection [11] .
In the UK serogroup C was traditionally responsible for the majority of invasive disease with 883 laboratory confirmed cases in England in the 1998/1999 surveillance year [12] . This fell significantly following the introduction of the conjugate meningococcal C vaccine into the routine immunisation schedule in November 1999 [12] . In 2017/2018 there were 29 laboratory confirmed cases of invasive meningococcal C infection in people aged 18 and younger in England [12] .
Meningococcal B infection is now the leading cause of invasive meningococcal infection in the UK with 278 laboratory confirmed cases in people aged 18 and younger in England in the 2017 to 2018 [12] .
Meningococcal B infection rates have been falling since the introduction of the meningococcal B vaccine into the UK vaccination schedule in 2015 [12] . In recent years there has been an increase in serogroup W and Y infections in England with University wide ACWY vaccination programmes having little effect on serogroup W carriage [13] .
The rates of meningococcal sepsis are summarised in figure 2 based on data published by Public Health England [12] . [12] Identifying symptoms and signs
The current UK standard of care is the NICE guideline "Meningitis (bacterial) and meningococcal septicaemia in under 16s: recognition, diagnosis and management clinical guideline [CG102] [14] . In this detailed guidance there are 31 potential symptoms and signs of meningococcal infection. These are divided into common and non-specific signs, less common and non-specific signs and more specific signs Table 1 . Symptoms and signs of invasive meningococcal disease
What are the symptoms and signs of invasive meningococcal infection in children?
Part of the clinical challenge in diagnosing meningococcal disease is the varied and often non-specific ways it can present. This is exemplified by studies suggesting that half of meningococcal disease is not recognised at initial presentation (15) .
Symptoms described in the NICE guidance such as lethargy, irritability and poor feeding are likely to feature in any child who is unwell, whilst others such as coryzal symptoms, nausea and vomiting and abdominal pain could lead a clinician to consider other potential viral or bacterial infections rather than meningococcal disease. The vague nature of these symptoms means any clinician ought to consider the possibility of meningococcal disease when assessing any unwell child. It is also important to appreciate that many of these symptoms should also raise suspicion of possible early sepsis.
Additional sepsis guidance is available from NICE "Sepsis recognition, diagnosis and early management" (16) .
What symptoms or signs suggest are most specific for invasive meningococcal disease?
Although many features of invasive meningococcal disease are subtle and non-specific, there are some symptoms and signs that are more specific for the disease and if present warrant further investigation and immediate treatment as per national guidance (14) . These symptoms are summarised in Table 2 , and have been highlighted by NICE and epidemiological studies as symptoms suggesting the greatest risk of invasive meningococcal disease [14, [17] [18] . 
How do clinical features vary in children of different ages?
The features of invasive meningococcal disease vary significantly depending on the age of the child as outlined in Table 3 . In young children and infants, the features of infection may be more subtle. This is especially true when considering symptoms and signs of meningism. In younger children and infants features of meningitis include irritability, poor feeding and a full or bulging fontanelle [17, 19, 20] .
A summary table of the differences between young infants and older children is outlined in Table 3 . Many of the features of meningococcal disease are non-specific and it is advisable to at least consider the possibility of meningococcal disease or sepsis in any unwell child. In children with high risk features such as those outlined in Table 2 the emphasis should be on initiating appropriate immediate treatment and investigation as per current NICE guidance (14) . 
Clinical Bottom Line

